didate genes for osteoporosis, has been suggested to be associated with BMD and osteoporosis. The single nucleotide polymorphisms (SNPs) in OPG gene could contribute to influence on BMD and osteoporosis [18] [19] [20] [21] [22] [23] [24] . Up to date, several SNPs, such as A163G, T245G, T950C and G1181C, have been reported to be potentially related with BMD and osteoporosis [6, 9, 11, 19, 23, [33] [34] [35] [36] [37] . However, there were no similar studies on the potential relationship between the g.18861A>G and g.25548C>T SNPs in OPG gene and BMD and osteoporosis. Thus, in the present study, we aimed to detect these two SNPs in OPG gene and evaluate their effects on BMD and osteoporosis in Chinese postmenopausal women.
Materials and Methods

Subjects
In this case-control study, a total of 338 Chinese postmenopausal women with primary osteoporosis and 367 healthy age-matched women were recruited from the Shuguang Hospital (Shanghai, China). Those subjects with present or past history of diseases or who with one of the primers containing a nucleotide mismatch, which enables the use of restriction enzymes for discriminating sequence variations [38] [39] [40] [41] [42] . Following the supplier manual, aliquots of 5 μL PCR amplified products were digested with 2 units selected restriction enzymes (MBI Fermentas, St. Leon-Rot, Germany, shown in Table 1 ) at 37°C for 10 hours and then separated by electrophoresis in 2.5% agarose gel containing ethidium-bromide and observed under UV light. In order to test the accuracy of genotype determination by PCR-RFLP and CRS-PCR methods, 15% random samples of each genotype were verified by DNA sequencing (ABI3730xl DNA Analyzer, Applied Biosystems, Foster City, CA).
Statistical analyses
All data are showed as mean ± SD (standard deviation of the mean). Genotype frequencies were assessed for Hardy-Weinberg equilibrium (HWE). The allelic and genotypic distributions were compared in the case and control groups by the chi-square (χ 2 ) test. One-way analysis of variance (ANOVA) and unpaired t-tests were analyzed the quantitative data. Multiple regression analyses were utilized to evaluate the association between variables. All statistical analyses were performed through the Statistical Package for Social Sciences software (SPSS 15.0; SPSS Inc.; Chicago, IL, USA). The p-value < 0.05 was considered statistically significant level.
Results
Identification of OPG gene SNPs
In the current study, the g.18861A>G and g.25548C>T SNPs were detected through PCR-RFLP and CRS-PCR methods, and verified by DNA sequencing. According to the OPG reference sequences (DNA GenBank ID: NG_012202.1; mRNA GenBank ID: NM_002546.3;
were taking drugs known to interfere with bone metabolism were excluded. This study was approved by the local ethics committee. Informed consent forms were obtained from all participants.
Measurement of bone mineral density
BMD at the lumbar spine (L 2-4 ), femoral neck, and total hip were assessed using dual-energy X-ray absorptiometry (DEXA) (Lunar Expert 1313, Lunar Corp., USA). BMD was calculated from bone mineral content (g) and bone area (cm 2 ), and then expressed in g/cm 2 .
Genotyping
Peripheral venous blood was collected from all participants, and then genomic DNA was isolated using Qiagen method (Hilden, Germany) and stored at -80°C until analyzed. According to the human OPG gene reference sequences (GenBank IDs: NG_012202.1 and NM_002546.3), the polymerase chain reaction (PCR) specific primers were designed using Primer Premier 5.0 software (Premier Biosoft International, Palo Alto, CA). The detailed information including primers sequences, region, fragment sizes, annealing temperature, genotyping method and genotype size are showed in Table 1 . The PCR reaction was carried out in 20 μL reaction mixture containing 50 ng mixed DNA template, 10 pM of each primer, 0.20 mM dNTP, 2.5 mM MgCl 2 and 0.5 U Taq DNA polymerase (Tian Gen Biotech Inc.,). The PCR cycling conditions was as followed: 95°C for 5 minutes followed by 32 cycles of 94°C for 30 seconds, annealing at the corresponding temperature (given in Table 1 ) for 30 seconds, and 72°C for 30 seconds, and a final extension at 72°C for 5 minutes. The g.18861A>G SNP was genotyped by the PCR-restriction fragment length polymorphism (PCR-RFLP) method. The g.25548C>T SNP was detected by created restriction site PCR (CRS-PCR) method the distributions of genotypes were fitted to the HWE (p > 0.05).
Association between SNPs and bone mineral density
Age, height, weight, body mass index (BMI), spine BMD, femoral neck hip BMD and total hip BMD in each genotype group are performed on Table 3 . All data were given in mean ± SD (BMD values adjusted by age, weight and height). In the g.18861A>G SNP, significant differences of spine BMD, femoral neck hip BMD and total hip BMD among different genotypes were found, individuals with the AA genotype showed significantly higher BMD when compared with those of AG and GG genotypes (p < 0.05, Table 3 ). In the g.25548C>T SNP, there were no statistically significant association with spine BMD, femoral neck hip BMD and total hip BMD were detected in the studied populations (p > 0.05, Table 3 ).
Disucssion
Osteoporosis is a systemic skeletal disease, particularly in postmenopausal women. BMD is a complex trait that is complex influenced from interactions between multiple genes and environmental factors.
protein GenBank ID: NP_002537.3), the sequence analyses suggested that the g.18861A>G SNP was a non-synonymous mutation in exon2 (resulting in isoleucine (Ile) to threonine (Thr) amino acid replacement, p. Ile16Thr), which caused by A→G mutation at 18861 position of OPG gene. The amplified PCR products of g.18861A>G variant were digested with MseI selected restriction enzyme and divided into three genotypes, AA (179 and 57 bp), AG (236, 179 and 57 bp) and GG (236 bp, Table 1 ). As for the g.25548C>T SNP, a synonymous mutation (p.Glutamic acid (Glu) 238Glu) in exon4 at 25548 position of OPG gene was found, which caused by C→T mutation. The amplified PCR products of g.25548C>T variant were digested with AciI selected restriction enzyme and divided into three genotypes, CC (189 and 18 bp), CT (207, 189 and 18 bp) and TT (207 bp, Table 1 ).
Allele and genotype distribution
The frequencies of allelic/genotypic of the g.18861A>G and g.25548C>T SNPs are showed in Table 2 . The A-allele of g.18861A>G and C-allele of g.25548C>T SNPs were predominant alleles in the studied subjects, respectively. The chi-square (χ 2 ) test of these SNPs in the studied populations indicated that .3167, p = 0.0013 χ 2 = 13.6628, p = 0.0002 χ 2 = 0.7176, p = 0.6985 χ 2 = 0.0003, p = 0.9863 3). Our data indicated that the T-allele of g.25548C>T SNP might be potentially contributed to increase risk for BMD and osteoporosis. This study provided mroe evidences to reveal the role of OPG gene in osteoporosis. Results from this study were consistent with previous findings that genetic variants in the OPG gene, such as A163G, T245G, T950C and G1181C, may contribute to a genetic influence on BMD and osteoporosis [6, 9, 11, 19, 23, [33] [34] [35] [36] [37] . Further investigations are needed to investigate the association of the g.18861A>G and g.25548C>T SNPs, or other genetic variants with BMD and osteoporosis on larger populations, and to evaluate the underlying molecular mechanism in the pathogenesis of osteoporosis.
